The Future of Metabolic Syndrome and Cardiovascular Disease Prevention: Polyhype or Polyhope? Tales from the Polyera metabolic syndrome [3] -can no longer be seen as an exclusive problem of rich societies. Almost 75 % of all CVD deaths occur in developing nations [4] . While the prevalence of metabolic syndrome in " western " populations range between 12 -25 % [5, 6] , CVD now ranks as the world ' s number one cause of morbidity and mortality causing one third of all deaths globally. Approximately 17 million people die each year of CVD worldwide and this number is expected to increase up to 24 million by 2030 [4] .
A Battle being Lost &
Cardiovascular disease risk management as well as the treatment of metabolic syndrome is a combination of interventions oriented to a positive modifi cation of different risk factors [7] . Although effective therapy is available to treat metabolic syndrome and almost all types of CVD, due to high costs, low compliance, and poor identifi cation of those at risk, many patients who could benefi t from treatment remain untreated, or inadequately treated. It is evident that new " Unless current trends are halted or reversed, over a billion people will die from cardiovascular disease in the fi rst half of the 21st century. The large majority will be in developing countries and much of the life years will be lost in middle age. This would be an enormous tragedy, given that research in the last half of the 20 
From Opulence to Aching Hearts &
Economic transition, urbanization, industrialization, and globalization promote the adoption of a sedentary lifestyle and diet. This has increased the population levels of the metabolic syndrome and of additional risk factors for cardiovascular disease (CVD) progressively and has made these two conditions common [1, 2] . The epidemic is not only rising, but also disseminating from developed to developing countries, partly as a result of increasing life expectancy and lifestyle changes. CVD -the primary clinical outcome of 
What is the Polypill? &
The Polypill is a theoretical combination of six pharmacological compounds that combined and through concomitant modifi cation of four different risk factors for metabolic syndrome and / or CVD (cholesterol modifi cation with statins, blood pressure lowering with three different antihypertensives, antiplatelet aggregation with aspirin, and reduction of hyperhomocysteinemia with folic acid) could reduce CVD by more than 80 % ( 
Potential Effect of the Polypill &
The authors calculated that the Polypill given daily to populations aged 55 -64 years, could theoretically reduce coronary heart disease (CHD) by 88 % (95 % Confi dence Interval 84 -91 % ) and stroke by 80 % (95 % CI 71 -87) ( Table 1 ) [2] . Although the authors did not calculate the potential effect of the Polypill on the prevention of metabolic syndrome, it could be expected to be large as the ingredients of the Polypill will also target some of the components and risk factors of the metabolic syndrome. When these hypothetical levels of risk reduction were applied to life-table models built with data from populations free from CVD studied in the Framingham studies, treating 1000 participants with the Polypill during 10 years would represent large gains in terms of years of life saved (YLS) that ranged between 50 -215 [11] . In terms of events prevented, 10 years of giving daily the Polypill to 1000 people would theoretically prevent 76 -179 CHD events and 11 -33 strokes [11] . The actual gains in YLS and events prevented would depend on the age and level of risk of the population. The highest gains were observed when the Polypill was given to the total population from the age of 60 years, irrespective of their level of risk [11] . According to the Polypill authors, " about a third of people taking the Polypill would benefi t. On average each will gain 11 -12 years of life free from a heart attack or stroke. The gain in life is substantial at all ages " [2] .
A Pill for Every Ill and the End of Screening for CVD &
Since approximately 50 % of cardiovascular deaths occur in subjects with previous history of CVD and 96 % of cardiovascular deaths occur in people aged 55 or over, Wald and Law recommended to give a Polypill daily to everybody with and older than 55 years of age and everybody aged less than 55 years who have previously suffered a CVD event [2] . Furthermore Wald and Law assert: " There is no need to measure the four risk factors before starting treatment, because intervention is effective whatever the initial levels of the risk factors, nor to monitor the effect of the treatment, because fl uctuations within individuals tend to mask variations between individuals in the systematic effects of the interventions " . In other words the strategy proposed by Wald et al. is a true mass chemoprevention strategy, which would make individual screening and treatment of CVD risk a superfl uous intervention destined to disappear. Finally the authors conclude: " no other preventive method would have so great an impact in public health in the Western world " [2] .
Every Rose has its Thorn &
Although the Polypill concept is very promising, medicalising a large sector of society appears to be a risky strategy. You come in ethically deep waters when as much as 15 % of the people taking the Polypill could suffer adverse effects [2] . It is not the population but the individual who takes a pill, and the harm of the one is not necessarily balanced by the benefi t of the other. Pharmacological prevention of CVD among populations free of the disease should be very safe, inexpensive and have considerable benefi ts to ensure a proper balance between adverse effects, costs and effects. If future implementation of the Polypill would target large sections of the global population, the cost of the medication is a 
What is Reasonably Affordable? &
As the Polypill has not been tested yet by clinical trials nor is available on the market, the future cost of the Polypill remains unknown and its potential cost-effectiveness for treating populations free of disease, a subject of debate. When the potential cost-effectiveness of the Polypill was evaluated using data from the Framingham studies and a Dutch scenario for costs, it was found that in order to be cost-effective in populations free of CVD, the annual cost of the medication should not exceed S 300 at age 50 and S 400 at age 60 [11] . These costs are 10 times the cost of aspirin therapy but three quarters the cost of statin treatment [12 -14] . Since aspirin and statins are two of the constituents of the Polypill, it could be expected that the medication ' s costs for the Polypill could be in this price range or even higher. When compared with aspirin in an incremental cost-effectiveness analysis, the maximum costs of the Polypill medication should not be over S 157 and S 268 for cost-effectively treating populations free of CVD at age 50 and 60, respectively [11] .
Although the Polypill could theoretically be a highly effective intervention, the costs of the medication and its potential adverse effects could be the caveats for implementing the Polypill in the primary chemoprevention of cardiovascular disease.
December 18, 2004: Consolidation of the Polyera &
With the objective to demonstrate that using nonpharmacological ingredients and the same assumptions and methods as the Polypill authors, could potentially lead to similar risk reduction effects with theoretically less adverse effects than the Polypill, we set to fi nd a more natural, safe and probably tastier alternative to the Polypill: the Polymeal. The Polymeal study was published in the traditionally tongue-in-cheek Christmas ' edition of the BMJ the 18th of December 2004 [15] . With a touch of irony, we proposed the Polymeal concept following the framework set by the Polypill concept for the Polyera: simultaneous combination -rather than isolated individual -interventions as an alternative to prevent and treat disease.
What is the Polymeal? &
The Polymeal is a theoretical combination of six food ingredients (wine, chocolate, fi sh, fruits and vegetables, almonds and garlic) that combined and through concomitant modifi cation of different risk factors for cardiovascular disease could reduce CVD by more than 76 % ( 
Evidence Based Recipes and Multiplicative Models &
To fi nd the right recipe for the Polymeal, we searched Pubmed for nonpharmacological ingredients with individually reported effects on reduction in CVD events or modifi cation of risk factors for CVD and with evidence levels 1 or 2 (randomized controlled trials, meta-analyses of randomized controlled trials, and metaanalyses of observational studies) [16 -22] . To calculate the potential effect of the Polymeal we used multiplicative models similar to the ones used by Wald and Law for the analyses of the Polypill.
Too Good to be True? &
The Polymeal given daily (fi sh 2 -4 times a week) to populations aged 50 years and over could in theory reduce CVD by 76 % (95 % CI 63 -84) ( Table 2 ). In terms of potential gains in life expectancy -calculated with data from the Framingham studies, -taking the Polymeal daily could represent an increase of 6.6 years in total life expectancy and 9 years in life expectancy free from CVD for men at age 50. For women at the same age, taking the Polymeal daily could mean an increase of 4.8 years in total life expectancy and 8.1 years in life expectancy free from CVD [15] .
Potential Effect of the Polymeal on Metabolism &
Diets high in fruits and vegetables are associated with lower incidence of chronic diseases such as CVD, diabetes, and osteoporosis. Fruits and vegetables are a rich source of antioxidants as well as dietary fi ber, and have a lower glycemic index (GI). Higher intakes of fruits and vegetables are associated with lower plasma infl ammatory markers [23] . A review of epidemiological studies found a lower risk of metabolic syndrome with higher consumption of fruits and vegetables [24] . Moderate red wine consumption is associated with a reduced risk of CVD. Key components of red wine, phenolic compounds and alcohol are thought to be responsible for the protective effect. Chronic consumption of red wine improved fasting lipid levels [25] . In an intervention trial, wine supplementation reduced monounsaturated fatty acid (MUFA) and increased polyunsaturated fatty acid (PUFA) [26] . Consumption of fl avanol-rich dark chocolate has been shown to decrease blood pressure and increase insulin sensitivity in healthy subjects as well as in patients with essential hypertension [27, 28] . Dietary chocolate forms the third highest daily per capita source of antioxidants in the US [29] . Recently, studies have shown an increase in HDL cholesterol concentration [30] as well as a reduction in LDL oxidation susceptibility [31] after consumption of dark chocolate. Reducing postprandial glucose excursions is one of the most important strategies for prevention of the metabolic syndrome, diabetes and CVD. It is important to limit postprandial oxidative damage to lipids and proteins. Along with their capacity to signifi cantly reduce total and LDL cholesterol [32] , almonds may also reduce the glycemic impact of carbohydrate foods with which they are eaten [33] . Almonds have been shown to decrease postprandial oxidative protein damage [34] . Garlic has been used in herbal medicine for centuries for various conditions. Studies have shown LDL and total cholesterol lowering effect of garlic in individuals with hyperlipidemia [35] and in patients with type 2 diabetes [36] . Consumption of fi sh or fi sh oils rich in n-3 long chain PUFA decrease the risk of CVD. A systematic review of the effect of omega-3 fatty acids on serum markers of CVD risk reported benefi cial effect on triglycerides and HDL cholesterol [37] . Small doses of fi sh oil inhibit platelet aggregation [38, 39] . However, very high consumption of fi sh must be balanced against possible consumption of high levels of mercury, which may be present in certain types of fi sh. Therefore, although we did not calculate the potential effect of the Polymeal on the prevention of the metabolic syndrome, it could be expected to be substantial as its ingredients also target the majority of components and risk factors of the metabolic syndrome.
Avoiding Unpleasant Situations &
Except for those allergic to the components, if taken with moderation, no adverse effects could be expected from taking the Polymeal. However, the Polymeal should not be combined with additional consumption of alcohol, in order to avoid intoxication and deleterious consequences that high consumption of alcohol may exert in other tissues [22] . Furthermore, garlic could cause fl atulence, halitosis and body odor, the consequences of which must be considered at the level of the individual and in the social context [15] .
Costs and Quality of Life &
Just like the Polypill, the characteristic ingredients of the Polymeal are not offered in the market as a combination. The exact price of the Polymeal would depend on the local prices and the specifi c brand and type of the items selected. If the potential price of the Polymeal would be calculated based on prices from a local supermarket in Rotterdam, the Netherlands, the price of the Polymeal could add up to S 21 per week [15] . Although no particular brands are recommended, spending more -for example, on your favorite wine or chocolate -might be rewarded by an improved quality of life [15] .
Considering that the price per year of the Polypill could be equivalent to the price per month of the Polymeal, it is inferable that the Polypill is more cost-effective than the Polymeal. Nevertheless, the investment required for the Polymeal is already being realized by individuals and society in general and would only require a more accurate selection of products to be placed in the shopping cart rather than the destination of additional resources.
Every Rose has its Thorn: Polymeal is not the Exception &
Although the Polymeal appears to be an effective, natural, probably safer and tastier alternative to the Polypill, the validity level of the source evidence affects the Polymeal study. Although only levels 1 and 2 of evidence were included, some of the RCTs selected were of a small sample size. This is particularly the case for chocolate and almonds. Evidence-based medicine is explicit about the level of evidence but not about additional defi ners of quality in the studies (e.g., sample size, correction for confounding). " Evidence " should not be a bureaucratic decision based on study designs, but of informed debate about the strengths and weaknesses of the presented facts. Compared with the Polypill, there is less evidence available on the potential interaction of the ingredients of the Polymeal, nonetheless there is certainly far more information for the ingredients of the Polymeal as humankind know and have used these elements for centuries while the ingredients of the Polypill only for decades. Finally, some of the ingredients of the Polymeal are rich in calories, particularly chocolate and overindulgence is a cause of concern.
The Future of Cardiovascular Disease Prevention: the Polyera is here to stay! & Although the metabolic syndrome and in general atherosclerotic cardiovascular disease is largely preventable, they have become common, and CVD nowadays constitute the number one killer in the world. In Western societies and soon also in most developing countries, we all have high levels of metabolic syndrome and other risk factors for CVD, hence everybody is at risk of developing and suffering from the deleterious consequences of developing a myocardial infarction, a stroke or other atherosclerotic disease events. Current efforts oriented to prevent metabolic syndrome and to control the global epidemic of CVD have been successful, but to a limited degree. A potentially effective alternative would be " mass treatment " , irrespective of risk factors levels, modifying several modifi able risk factors together. In this sense, a set of " Polyinterventions " could provide comprehensive means to modify the levels of risk of the population at a wider scale and at levels above 90 % reduction of CVD as suggested by Robinson et al. in the Polyportfolio publication [40] . The future of the treatment and prevention of these conditions lies on " polyinterventions " oriented fi rst to positively modify the risk profi le of the population including weight control, increasing physical activity, and an adequate diet designed to reduce the risk of these morbidities and pharmacological interventions reserved for those at high risk of developing metabolic syndrome and / or CVD. For example, after the daily consumption of the Polymeal, additional interventions to prevent CVD such as walking half an hour or taking the Polypill -for those with history of CVD -could aid to lower the metabolic syndrome and CVD further. However, both the Polypill and the Polymeal are successes of simulation models -and simulation models are but quantifi ed opinions. Empirical testing is mandatory before they could be considered for societal implementation. Hype or hope? Only confi rmatory evaluations will tell. If the hypothetical premises would hold true in experimental evidence, a new era of prevention might arise: the Polyera, splitting the history of prevention in two periods BP and AP (Before and After the Polyera). The morbidity consequences of a complex life style might be treated by complex interventions. The ensuing paradoxes of consumerism fi ghting the consequences of consumerism might be left to individual choice of a desirable lifestyle.
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